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1PP1RATOB >MT> METHOD ™ PBPPCB RESTEMOSIS 
&PTER ARTPRT*L INT ERVENTION 



naCKGRODim OE THE T MVENTION 

The present invention relates to an apparatus and a method to 
reduce restenosis after arterial intervention. 

Restenosis after arterial intervention in general, and 
percutaneous transluminal coronary angioplasty ( "PTCA" ) in 
particular, is primarily due to medial smooth muscle cell 
proliferation. 

Conventional PTCA is performed using a balloon catheter such an 
over-the-wire type catheter manufactured, for example, by Scimed 
Life Systems, Inc, of Maple Grove, Minnesota or a mono-rail type 
catheter manufactured, for example, by Advanced Cardiovascular 
Systems, Inc, of Temecula, California. Fig. 1 depicts such a 
conventional over-the-wire balloon catheter 1. The conventional 
balloon catheter 1 is utilized in an angioplasty procedure as 
follows. A conventional guidewire 2 is inserted into the 
patient's artery until the distal end of the guidewire 2 is past 
a target area (not shown) of the artery (not shown) where there 
is a buildup of material. The conventional balloon catheter 1 
has a lumen 3 running therethrough. The guidewire 2 is inserted 
into the distal end of the balloon catheter 1 and the balloon 
catheter 1 is advanced over the guidewire until the balloon 
section la of the balloon catheter 1 is adjacent the buildup of 
material. The balloon section la is then inflated by an 
inflation means (not show) connected to an inflation port lb to 
clear the artery. Finally, the balloon section la is deflated, 
the balloon catheter 1 is pulled back up the guidewire and 
removed and the guidewire is likewise removed from the patient's 
artery. 

Current technology contemplates two distinct design classes for 
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devices for the prevention of restenosis after arterial 
interventions. The first design class, an arterial stent type 
device, is designed for long term deployment within the artery. 
Such a stent, if designed to emit radiation, would be in place 
long after the time necessary for the prevention of smooth muscle 
cell proliferation at the arterial site. United States Patent 
No. 5,059,166 to Fischell describes such a long term stent. 

The second design class for restenosis preventing devices 
contemplates the delivery of unspecified doses of radiation via 
radioactive catheters and guidewires. These devices utilize a 
movable, flexible radiation shield. However, it is questionable 
whether such a radiation shield could be constructed given the 
thickness of material required to shield the radiation source and 
the flexibility required to allow delivery of the radiation 
source and shield to the coronary site. United States Patent No. 
5,213,561 to Weinstein relates to a device of this class. 

In addition, neither class of devices addresses the need to 
isolate the radioactive source from contact with the patient's 
body fluids. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
arrangement for reducing restenosis after arterial intervention 
in a patient's artery. Such arterial intervention includes, but 
is not limited to, balloon angioplasty, atherectomy, and stent 
placement. 

It is a further object of the present invention to provide an 
arrangement for reducing restenosis after arterial intervention 
in the patient's artery by delivering a precise dosage of 
radiation to the patient's artery at a target area. 

It is a further object of the present invention to provide an 
arrangement for reducing restenosis after arterial intervention 
in the patient's artery by delivering a precise radioactive 
dosage to the patient's artery at a target area while eliminating 
contact between the radioactive source and the patient's body 
fluids. 

It is a further object of the present invention to provide an 
arrangement for reducing restenosis after arterial intervention 
in the patient's artery by delivering a precise radioactive 
dosage to the patient's artery at a target area while shielding 
a doctor and other staff from over-exposure to radiation. 

According to one aspect of the present invention, an apparatus 
guided by a guidewire within a patient's artery for reducing 
restenosis after arterial intervention in the patient's artery 
is provided, comprising a radiation dose delivery wire with a 
radiation source encapsulated within its distal end, and a 
balloon catheter with a blind lumen sealed at its distal end and 
a guidewire lumen extending therethrough to accept said 
guidewire, said blind lumen being adapted to accept said 
radiation delivery wire into its proximal end. 

According to another aspect of the present invention, an 
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apparatus inserted into a sheath in a patent's artery and guided 
by a guidewire within the patient's artery for reducing 
restenosis after arterial intervention in the patient's artery 
is provided, comprising a radiation dose delivery wire with a 
radiation source encapsulated within its distal end, and a 
balloon catheter with a blind lumen sealed at its distal end and 
a guidewire lumen extending therethrough to accept said 
guidewire, said blind lumen being adapted to accept said 
radiation dose delivery wire into its proximal end, said balloon 
catheter being adapted to be inserted into said sheath. 

According to another aspect of the present invention, an 
apparatus guided by a guidewire within a patient's artery for 
reducing restenosis after arterial intervention in the patient's 
artery is provided, comprising a radiation dose delivery wire 
with a radiation source encapsulated within its distal end, and 
a balloon catheter with a blind lumen sealed at its distal end 
and a guidewire lumen extending partially through said balloon 
catheter, said blind lumen being adapted to accept said radiation 
dose delivery wire into its proximal end, said guidewire lumen 
having an entry port located at a distal end of said balloon 
catheter and an exit port located upon a circumferential surface 
of said balloon catheter. 

According to another aspect of the present invention, an 
apparatus for reducing restenosis after arterial intervention in 
a patient's artery is provided, comprising a guidewire for 
insertion into the patient's artery at least as far as a target 
area of the artery, a radiation dose delivery wire with a 
radiation source encapsulated within its distal end, and a 
balloon catheter with a blind lumen sealed at its distal end and 
a guidewire lumen extending therethrough to accept said 
guidewire, said blind lumen being adapted to accept said 
radiation delivery wire into its proximal end. 

According to another aspect of the present invention, an 
apparatus guided by a guidewire within a patient's artery for 
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reducing restenosis after arterial intervention in the patient's 
artery is provided, comprising a radiation dose delivery wire 
with a radiation source encapsulated within its distal end, and 
a catheter with a blind lumen sealed at its distal end and a 
5 guidewire lumen extending therethrough to accept said guidewire, 
said blind lumen being adapted to accept said radiation delivery 
wire into its proximal end. 

According to another aspect of the present invention, an 
10 apparatus to be inserted into a catheter for reducing restenosis 
after arterial intervention in a patient's artery is provided, 
comprising a radiation dose delivery wire with a radiation source 
encapsulated within its distal end, and a blind lumen open at its 
proximal end and sealed at its distal end, said blind lumen being 
15 adapted to accept said radiation dose delivery wire into its 
proximal end and to be inserted into said catheter. 

According to another aspect of the present invention, a method 
of reducing restenosis after arterial intervention in a patient's 

20 artery is provided, comprising inserting a guidewire into the 
patient's artery until a distal end of the guidewire is at least 
as far into the artery as a predetermined section of the artery, 
inserting the guidewire into a guidewire lumen of a balloon 
catheter with a blind lumen, inserting the balloon catheter with 

25 the blind lumen into the patient's artery at least as far as the 
predetermined section of the artery, inserting a radiation dose 
delivery wire into said blind lumen in said balloon catheter, 
moving said radiation dose delivery wire a predetermined distance 
into the blind lumen of the balloon catheter for a predetermined 

30 period of time, and removing said radiation dose delivery wire 
from said blind lumen of said balloon catheter after said 
predetermined period of time. 

These and other advantages will become apparent from the detailed 
35 description, accompanying the claims and attached drawing 
figures. 
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BRIEF DESCRIPTION OF THE D RAWINGS 

Fig. 1 shows the construction of a conventional over-the-rail 
type balloon catheter; 

Fig. 2, shows the construction of a balloon catheter according 
to a first embodiment of the present invention; 

Fig. 3 shows a cross-section of the balloon catheter according 
to the first embodiment of the present invention; 

Fig. 4 shows the construction of a radiation dose delivery wire 
of the present invention; 

Fig. 5 shows the construction of a second embodiment of the 
present invention; 

Fig. 6 shows the construction of a third embodiment of the 
present invention; 

Fig. 7 shows the construction of a fourth embodiment of the 
present invention ; 

Fig. 8 shows the construction of a fifth embodiment of the 
present invention; 

Fig. 9 shows the construction of a sixth embodiment of the 
present invention; and 

Fig. 10 shows the construction of a seventh embodiment of the 
present invention. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

According to one aspect of the present invention, an apparatus 
guided by a guidewire within a patient's artery for reducing 
restenosis after arterial intervention in the patient's artery 
is provided, comprising a radiation dose delivery wire with a 
radiation source encapsulated within its distal end, and a 
balloon catheter with a blind lumen sealed at its distal end and 
a guidewire lumen extending therethrough to accept said 
guidewire, said blind lumen being adapted to accept said 
radiation delivery wire into its proximal end. 

The apparatus may further comprise means for providing a liquid- 
tight seal between the radiation dose delivery wire and the 
proximal end of the blind lumen. 

The means for providing a liquid-tight seal may comprise a 
liquid-tight radiation delivery wire port connected to the 
proximal end of the blind lumen, whereby a liquid-tight seal is 
effectuated between the proximal end of the blind lumen and the 
radiation dose delivery wire. Alternatively, the means for 
providing a liquid-tight seal may effectuate a liquid-tight seal 
between the proximal end of the blind lumen and an afterloader 
which drives the radiation dose delivery wire. 

The radiation source may be a pellet, a wire, or an encapsulated 
radiation source, such as a paste of Ir 192 , I 125 , or Pd 103 . 
Alternatively, the radiation source may be a y-radiation emitting 
isotope. The length of the radiation source is determined by the 
length of the segment of diseased vessel, that is, the segment 
of vessel which is to receive a dose of radiation. The radiation 
source may be 0.5 to 5 cm in length and it may comprise a 
plurality of radioactive pellets forming a linear array. 

The apparatus may further comprise means for moving the distal 
end of said radiation dose delivery wire to a predetermined 
position within said blind lumen for a predetermined period of 
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time. The means for moving may be a computer controlled 
afterloader. The computer controlled afterloader may calculate 
said predetermined position and said predetermined time. 

The computer controlled afterloader may further calculate said 
predetermined position and said predetermined time based upon a 
plurality of input variables including a half-life of the 
radiation source, an activity level of the radiation source, an 
angiograghic or ultrasound determined diameter of said artery, 
and a desired radiation dosage to be delivered to the artery at 
the predetermined position. A user may input a plurality of 
values each representing respective ones of the plurality of 
input variables to the computer controlled afterloader. The 
computer controlled afterloader may oscillate said distal end of 
said radiation dose delivery wire back and forth in the area of 
the predetermined position for a predetermined period of time. 

An outer diameter of the guidewire and an outer diameter of the 
radiation dose delivery wire may be substantially equal to 0.014 
inch. The radiation source may have a radioactivity of less than 
about 10 Curies. 

The apparatus may further comprise a radiation blocking shield 
movable between the radiation source within the patient's artery 
and a user of the apparatus. The radiation blocking shield may 
be concrete or lead. 

According to another aspect of the present invention, an 
apparatus inserted into a sheath in a patient's artery and guided 
by a guidewire within the patient's artery for reducing 
restenosis after arterial intervention in the patient's artery 
is provided, comprising a radiation dose delivery wire with a 
radiation source encapsulated within its distal end, and a 
balloon catheter with a blind lumen sealed at its distal end and 
a guidewire lumen extending therethrough to accept said 
guidewire, said blind lumen being adapted to accept said 
radiation dose delivery wire into its proximal end, said balloon 
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catheter being adapted to be inserted into said sheath. 

The apparatus may further comprise means for providing a liquid- 
tight seal between the radiation dose delivery wire and the 
proximal end of the blind lumen. 

The apparatus may further comprise means for maintaining an 
extended coaxial relationship between the proximal end of said 
sheath and the proximal end of said blind lumen. 

According to another aspect of the present invention, an 
apparatus guided by a guidewire within a patient's artery for 
reducing restenosis after arterial intervention in the patient's 
artery is provided, comprising a radiation dose delivery wire 
with a radiation source encapsulated within its distal end, and 
a balloon catheter with a blind lumen sealed at its distal end 
and a guidewire lumen extending partially through said balloon 
catheter, said blind lumen being adapted to accept said radiation 
dose delivery wire into its proximal end, said guidewire lumen 
having an entry port located at a distal end of said balloon 
catheter and an exit port located upon a circumferential surface 
of said balloon catheter. 

According to another aspect of the present invention, an 
apparatus for reducing restenosis after arterial intervention in 
a patient's artery is provided, comprising a guidewire for 
insertion into the patient's artery at least as far as a target 
area of the artery, a radiation dose delivery wire with a 
radiation source encapsulated within its distal end, and a 
balloon catheter with a blind lumen sealed at its distal end and 
a guidewire lumen extending therethrough to accept said 
guidewire, said blind lumen being adapted to accept said 
radiation delivery wire into its proximal end. 

According to another aspect of the present invention, an 
apparatus guided by a guidewire within a patient's artery for 
reducing restenosis after arterial intervention in the patient's 
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artery is provided, comprising a radiation dose delivery wire 
with a radiation source encapsulated within its distal end, and 
a catheter with a blind lumen sealed at its distal end and a 
guidewire lumen extending therethrough to accept said guidewire, 
said blind lumen being adapted to accept said radiation delivery 
wire into its proximal end. 

The apparatus may further comprise means for providing a liquid- 
tight seal between the radiation dose delivery wire and the 
proximal end of the blind lumen-. 

According to another aspect of the present invention, an 
apparatus to be inserted into a catheter for reducing restenosis 
after arterial intervention in a patient's artery is provided, 
comprising a radiation dose delivery wire with a radiation source 
encapsulated within its distal end, and a blind lumen open at its 
proximal end and sealed at its distal end, said blind lumen being 
adapted to accept said radiation dose delivery wire into its 
proximal end and to be inserted into said catheter. 

The apparatus may further comprise means for providing a liquid- 
tight seal between the radiation dose delivery wire and the 
proximal end of the blind lumen. 

According to another aspect of the present invention, a method 
of reducing restenosis after arterial intervention in a patient's 
artery is provided, comprising inserting a guidewire into the 
patient's artery until a distal end of the guidewire is at least 
as far into the artery as a predetermined section of the artery, 
inserting the guidewire into a guidewire lumen of a balloon 
catheter with a blind lumen, inserting the balloon catheter with 
the blind lumen into the patient's artery at least as far as the 
predetermined section of the artery, inserting a radiation dose 
delivery wire into said blind lumen in said balloon catheter, 
moving said radiation dose delivery wire a predetermined distance 
into the blind lumen of the balloon catheter for a predetermined 
period of time, and removing said radiation dose delivery wire 
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from said blind lumen of said balloon catheter after said 
predetermined period of time. 

The method of moving said radiation dose delivery wire a 
predetermined distance into the blind lumen of the balloon 
catheter for a predetermined period of time may result in the 
distal end of the radiation dose delivery wire being adjacent 
said predetermined section of artery. 

The method of moving said radiation dose delivery wire a 
predetermined distance into the blind lumen of the balloon 
catheter for a predetermined period of time may further comprise 
determining where the predetermined section of artery is, 
determining a diameter of said predetermined section of artery, 
and determining a desired radiation dosage to be delivered to the 
predetermined section of artery. The diameter may be determined 
by an angiograghic or ultrasound procedure. 

The method of moving said radiation dose delivery wire a 
predetermined distance into the blind lumen of the balloon 
catheter for a predetermined period of time may further comprise 
oscillating said radiation dose delivery wire back and forth when 
said distal end of radiation dose delivery wire is substantially 
adjacent said predetermined section of artery. 

Referring now to the Figs., Fig. 2 shows a balloon catheter 
according to a first embodiment of the present invention, which 
can be used to perform the 'method according to the present 
invention. The apparatus is particularly suited for delivering 
radioactive doses to the coronary artery. The preferred 
embodiment will be described with reference to the coronary 
artery, but this is by way of example, and not limitation, as the 
present invention may also be used to deliver radiation to 
peripheral arteries. 

The apparatus comprises a balloon catheter 5 with a guidewire 
lumen 6 extending entirely through the balloon catheter 5 and a 
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blind lumen 7 which is closed at the distal end of the balloon 
catheter 5, for receiving a radiation dose delivery wire 8. The 
guidewire lumen 6 is sized to fit around a guidewire 9 and to 
allow the guidewire 9 to slide therein. The length of guidewire 
9 is sufficient to allow it to extend past a target segment of 
the artery and it may be, for example, greater than about 110 
cm for use in the coronary artery. For use in other arteries, 
the length of guidewire 9 may also be greater than about 110 cm 
or it may be less. 

The outside diameters of the guidewire 9 and the radiation dose 
delivery wire 8 may be about 0.014 inch and in this case the 
inside diameters of the guidewire lumen 6 and the blind lumen 7 
are slightly larger, to permit movement of the balloon catheter 
5 over the guidewire 9 and movement of the radiation dose 
delivery wire 8 through blind lumen 7. 

The radiation dose delivery wire entry port 11, at the proximal 
end of the balloon catheter 5, is adapted to receive the 
20 radiation dose delivery wire 8 and to provide a watertight seal. 
Thus, the radiation dose delivery wire 8 is isolated from contact 
with the patient's body fluids. The balloon inflation port 13 
allows inflation of the balloon section 5a at the distal end of 
the balloon catheter 5 in the conventional manner. 

25 

Referring now to Fig. 3, wherein the same reference numerals of 
Fig. 2 are applied to the same parts and therefore do not require 
detailed description, it is seen that the guidewire lumen 6 may 
be off center with regard to the balloon catheter 5, while the 
30 blind lumen 7, which is adapted to encircle the radiation dose 
delivery wire 8, may be substantially in the center of the 
balloon catheter 5. 

Referring now to Fig. 4, wherein the same reference numerals of 
35 Fig. 2 are applied to the same parts and therefore do not require 
detailed description, it is seen that the radiation dose delivery 
wire 8 may include non-radioactive sections 8a and 8b and 
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radioactive section 8c, which has encapsulated within the distal 
end of radiation dose delivery wire 8, a linear array of 
radioactive sources 8d, 8e, and 8f , such as pellets of Ir 192 , I 125 , 
or Pd 103 . The length of the linear array of pellets may be less 
than or equal to about 2 cm for use in the coronary artery and 
less than or equal to about 10 cm for use in periphery arteries. 
Alternatively, the radioactive source may be composed of a non- 
linear array of such radioactive pellets or it may be composed 
of a single radioactive pellet. The radioactivity of each of the 
radioactive sources 8d, 8e, and 8f may be less than or equal to 
10 Curies. 

The operation of an apparatus to reduce restenosis after arterial 
intervention according to the first embodiment of the present 
invention is as follows. The guidewire 9 is inserted into the 
patient's artery. The distal end of the guidewire 9 is inserted 
at least as far as, and preferably past the target site, that is, 
the site that is to receive the dose of radiation. The guidewire 
9 is then inserted into the guidewire lumen 6 and the balloon 
catheter 5 is moved down the guidewire towards the distal end 
until the balloon section 5a is adjacent the target site. In the 
case of a balloon angioplasty procedure the balloon section 5a 
is then inflated and deflated by balloon inflation/deflation 
inflation means (not shown) connected to the balloon inflation 
port 13. Alternatively, if it is desired to deliver a dose of 
radiation to the target area without inflating and deflating the 
balloon section 5a , such as following an atherectomy or other 
arterial intervention, the balloon section la need not be 
inflated and deflated. 

Finally, the radiation dose delivery wire 8 is inserted into the 
proximal end of the blind lumen 7 within the balloon catheter 5 
through the radiation dose delivery wire entry port 11. The 
radiation dose delivery wire 8 is inserted towards the distal end 
of the balloon catheter 5 until the radioactive sources 8d, 8e, 
and 8f are substantially adjacent the target area. The 
radioactive sources 8d, 8e, and 8f are left in place until a 
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desired dosage of radiation has been delivered to the target area 
and then the radiation dose delivery wire 8 is removed from the 
balloon catheter 5. The length of time that the radioactive 
sources 8d, 8e, and 8f are left adjacent the target area depends 
upon the activity of the radioactive sources 8d, 8e, and 8e, the 
diameter of the artery at the target area, and the desired dosage 
to be delivered- It should be noted that the radiation dose 
delivery wire 8 may be oscillated back and forth within the blind 
lumen 7 so that the radioactive sources 8d, 8e, and 8f may be 
shorter than the target area while still being able to deliver 
radiation to the entire target area. In addition, if the 
radiation dose delivery wire 8 is oscillated back and forth, the 
time that the radioactive sources 8d, 8e, and 8f must be left 
adjacent the target area in order to deliver a desired dosage of 
radiation will also depend upon the length of the target area. 

Alternatively, the guidewire 9 may be inserted into the artery 
as above and a conventional balloon catheter without a blind 
lumen placed over the guidewire 9 and advanced to the target area 
to be inflated, deflated, and removed from the artery- After 
removal from the artery, the balloon catheter 5 af the instant 
invention, with the blind lumen 7 may be placed over the 
guidewire 9 utilizing the guidewire lumen 6 and inserted adjacent 
the target area in order to allow the radiation dose delivery 
wire 8 to be inserted into the blind lumen 7 to deliver a dosage 
of radiation to the target area as described above. This 
procedure permits the use of a conventional balloon catheter to 
perform an angioplasty procedure before the balloon catheter 5 
of the instant invention is utilized to deliver a dose of 
radiation. 

Referring now to Fig. 5, wherein the same reference numerals of 
Fig. 2 are applied to the same parts and therefore do not require 
detailed description, a balloon catheter according to a second 
embodiment of the present invention is shown, which can be used 
to perform the method according to the present invention. In this 
Fig., a computer controlled after loader 15, similar to a 
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conventional afterloader such as the one distributed by Nucletron 
Corp., of Columbia, Maryland, is connected to the proximal end 
of the radiation dose delivery wire 8 and is utilized to insert 
the radiation dose delivery wire 8 into the blind lumen 7 until 
the radioactive sources 8d, 8e, and 8f are adjacent the target 
area and to remove the radiation dose delivery wire 8 from the 
blind lumen 7 after a predetermined dosage of radiation has been 
delivered to the target area. 

The computer controlled afterloader 15 of the present invention 
differs from the conventional afterloader in that the computer 
controlled afterloader 15 of the present invention allows an 
operator to input variables representing the activity of the 
radioactive sources 8d, 8e, and 8f , the date that the radioactive 
sources 8d, 8e, and 8f are being delivered adjacent the target 
area (to take into account decay of the radioactive sources 8d, 
8e, and 8f ) , the diameter of the artery at the target area, the 
length of the target area, and the value of the desired 
radioactive dose to be delivered to the target area. The 
computer controlled afterloader 15 then calculates the time that 
the radioactive sources 8d r 8e, and 8f must be adjacent the 
target area to deliver the desired radioactive dosage and then 
moves the radiation dose delivery wire 8 towards the distal end 
of the balloon catheter 5 until the radioactive sources 8d, 8e, 
and 8f are adjacent the target area, waits the calculated time, 
and then pulls the radiation dose wire 8 back out of the balloon 
catheter 5. 

In addition, the computer controlled afterloader 15 may oscillate 
the radiation dose delivery wire 8 back and forth while the 
radioactive sources 8d, 8e, and 8f are adjacent the target area. 
In this case the computer controlled afterloader 15 would take 
into account the length of the target area and the rate of 
oscillation in determining the time necessary to deliver the 
desired dosage. 

The computer .controlled afterloader 15 may include a program 
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memory for storing a program to calculate the length of time that 
the radioactive sources 8d, 8e, and 8f must be adjacent the 
target area to deliver a desired dosage of radiation, a power 
supply backup, and a database memory for storing the number of 
times that a particular radioactive source has been used. 



Referring now to Fig. 6, wherein the same reference numerals of 
Fig. 2 are applied to the same parts and therefore do not require 
detailed description, a balloon catheter 18 according to a third 
embodiment of the present invention is shown, which can be used 
to perform the method according to the present invention. A 
clamp 20 may be utilized to maintain an extended coaxial position 
between the radiation dose delivery wire entry port 11 connected 
to the proximal end of the blind lumen 7 and a proximal end of 
a sheath 19, which surrounds catheter 18 at the area of the 
incision in the patient's body, during insertion of the radiation 
dose delivery wire 8 into the blind lumen 7. 

Referring now to Fig. 7, wherein the same reference numerals of 
Fig. 2 are applied to the same parts and therefore do not require 
detailed description, a balloon catheter 21 according to a fourth 
embodiment of the present invention is shown, which can be used 
to perform the method according to the present invention. In this 
Fig., a guidewire lumen 22 extends for a distance less than the 
length of the balloon catheter 21. That is, the guidewire lumen 
22 has an entry point 22a at the distal end of balloon catheter 
21 and exit point 22b along the length of balloon catheter 21, 
rather than at its proximal erid. 

As in the first embodiment, the guidewire 9 is inserted into the 
artery and the guidewire lumen 22 guides the balloon catheter 21 
towards the distal end of the guidewire 9. Also, as in the first 
embodiment, the radiation dose delivery wire 8 rides within the 
blind lumen 2 3 of the balloon catheter 21. 

Referring now to Fig. 8, wherein the same reference numerals of 
Fig. 2 are applied to the same parts and therefore do not require 



WO 95/19807 



PCT/US95/00826 



-17- 

detailed description, an apparatus according to a fifth 
embodiment of the present invention is shown, which can be used 
to perform the method according to the present invention. In this 
Fig., a radiation shield 25 is movable and is adapted to be moved 
between a patient (not shown) on a support 24 and an operator of 
the apparatus (not shown). The radiation shield 25 may, for 
example, be moveable by means of rollers 25a, 25b, 25c, and 25d 
mounted to legs 26a, 26b, 26c, and 26d. 

In operation the balloon catheter 5, not shown in this Fig., is 
inserted into a patient (not shown) who is supported by the 
support 24 and the radiation shield 25 is moved between an 
operator of the apparatus and the radiation source 8d, 8e, and 
8f within the blind lumen 7 of the balloon catheter 5. The 
radiation shield 25 is thus adaptable for different sized 
patients because it is movable and it therefore provides 
protection to the doctor and other staff from over-exposure to 
radiation. 

Referring now to Fig. 9, wherein the same reference numerals of 
Fig. 2 are applied to the same parts and therefore do not require 
detailed description, an apparatus according to a sixth 
embodiment of the present invention is shown, which can be used 
to perform the method according to the present invention. In this 
Fig., a catheter without a balloon 27 includes blind lumen 7 and 
guidewire lumen 6. This embodiment is utilized in a fashion 
similar to the first embodiment, except here, the apparatus is 
used only to deliver radiation, and does not have the balloon 
function of the first embodiment. 

Referring now to Fig. 10, wherein the same reference numerals of 
Fig. 2 are applied to the same parts and therefore do not require 
detailed description, an apparatus according to a seventh 
embodiment of the present invention is shown, which can be used 
to perform the method according to the present invention. In this 
Fig., a blind lumen 28, which accepts radiation dose delivery 
wire 8 into its proximal end through radiation dose delivery wire 
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entry port 11, is adapted to be removably inserted into a 
catheter (not shown) . The catheter may be a balloon type 
catheter or it may be a catheter without a balloon. 

In operation, the catheter is inserted into a patient in the 
conventional manner. Blind lumen 28 is then inserted into the 
catheter and, as in the first embodiment, the radiation dose 
delivery wire 8 is advanced into the blind lumen 28, through the 
radiation dose deliver wire entry port 11, until the distal end 
of the radiation dose delivery wire 8 is adjacent the segment of 
artery that is to receive a radioactive dose. Also, as in the 
first embodiment, the radiation dose delivery wire 8 is withdrawn 
after a desired dose of radiation has been delivered to the 
artery segment. This embodiment is intended primarily, but not 
exclusively, for procedures in the peripheral vascular areas. 

It must be noted that although the present invention is described 
by reference to particular embodiments thereof, many changes and 
modifications of the invention may become apparent to those 
skilled in the art without departing from the spirit and scope 
of the invention as set forth in the claims. 
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Wbat is claimed is: 

1. An apparatus guided by a guidewire within a patient's 
artery for reducing restenosis after arterial intervention in the 
patient's artery comprising: 

a radiation dose delivery wire with a radiation source 
encapsulated within its distal end; and 

a balloon catheter with a blind lumen sealed at its distal 
end and a guidewire lumen extending therethrough to accept said 
guidewire; 

said blind lumen being adapted to accept said radiation 
delivery wire into its proximal end, 

2. The apparatus of claim 1, further comprising means for 
providing a liquid-tight seal between the radiation dose delivery 
wire and the proximal end of the blind lumen. 

3. The apparatus of claim 2, wherein said means for 
providing a liquid-tight seal comprises a liquid-tight radiation 
delivery wire port connected to the proximal end of the blind 
lumen, whereby a liquid-tight seal is effectuated between the 
proximal end of the blind lumen and the radiation dose delivery 
wire. 

4. The apparatus of claim 1, wherein said radiation source 
is a pellet of Ir 192 . 

5.. The apparatus of claim 1, wherein said radiation source 
is a pellet of I 125 . 

6. The apparatus of claim 1, wherein said radiation source 
is a pellet of Pd 105 . 

7. The apparatus of claim 1, wherein said radiation source 
comprises a plurality of radioactive pellets forming a linear 
array. 
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8. The apparatus of claim 7, wherein said linear array is 
between 0.5 and 5 cm long. 

9. The apparatus of claim 1, further comprising means for 
moving the distal end of said radiation dose delivery wire to a 
predetermined position within said blind lumen for a 
predetermined period of time. 

10. The apparatus of claim 9, wherein said means for moving 
is a computer controlled afterloader. 

11. The apparatus of claim 10; wherein said computer 
controlled afterloader calculates said predetermined position and 
said predetermined time. 

12. The apparatus of claim 11, wherein said computer 
controlled afterloader calculates said predetermined position and 
said predetermined time based upon a plurality of input variables 
including a half -life of the radiation source, an activity level 
of the radiation source, a diameter of said artery, and a desired 
radiation dosage to be delivered to the artery at the 
predetermined position. 

13. The apparatus of claim 12, wherein a user inputs a 
plurality of values each representing respective ones of the 
plurality of input variables to the computer controlled 
afterloader. 

14. The apparatus of claim 13, wherein the computer 
controlled afterloader oscillates said distal end of said 
radiation dose delivery wire back and forth in the area of the 
predetermined position for a predetermined period of time. 

15. The apparatus of claim 1, wherein an outer diameter of 
the guidewire and an outer diameter of the radiation dose 
delivery wire are substantially equal to 0.014 inch. 
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16. The apparatus of claim 1, wherein the radiation source 
has a radioactivity of less than about 10 Curies. 

17. The apparatus of claim 1, further comprising a radiation 
blocking shield movable between the radiation source within the 
patients artery and a user of the apparatus. 

18. The apparatus of claim 17, wherein said radiation 
blocking shield is concrete. 

19. The apparatus of claim 17, wherein said radiation 
blocking shield is lead. 

20. An apparatus inserted into a sheath in a patent's artery 
and guided by a guidewire within the patient's artery for 
reducing restenosis after arterial intervention in the patient's 
artery comprising: 

a radiation dose delivery wire with a radiation source 
encapsulated within its distal end; and 

a balloon catheter with a blind lumen sealed at its distal 
end and a guidewire lumen extending therethrough to accept said 
guidewire; 

said blind lumen being adapted to accept said radiation dose 
delivery wire into its proximal end; 

said balloon catheter being adapted to be inserted into said 

sheath. 

21. The apparatus of claim -20, further comprising means for 
providing a liquid-tight seal between the radiation dose delivery 
wire and the proximal end of the blind lumen. 

22. The apparatus of claim 21, further comprising means for 
maintaining an extended coaxial relationship between a proximal 
end of said sheath and the proximal end of said blind lumen. 



23. An apparatus guided by a guidewire within a patient's 
artery for reducing restenosis after arterial intervention in the 
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patient's artery comprising: 

a radiation dose delivery wire with a radiation source 
encapsulated within its distal end; and 

a balloon catheter with a blind lumen sealed at its distal 
end and a guidewire lumen extending partially through said 

balloon catheter; 

said blind lumen being adapted to accept said radiation dose 

delivery wire into its proximal end; 

said guidewire lumen having an entry port located at a 
distal end of said balloon catheter and an exit port located upon 
a circumferential surface of said balloon catheter. 

24. An apparatus for reducing restenosis after arterial 
intervention in' a patient's artery comprising: 

a guidewire for insertion into the patient's artery at least 
as far as a target area of the artery; 

a radiation dose delivery wire with a radiation source 
encapsulated within its distal end; and 

a balloon catheter with a blind lumen sealed at its distal 
end and a guidewire lumen extending therethrough to accept said 
guidewire; 

said blind lumen being adapted to accept said radiation 
delivery wire into its proximal end. 

25. An apparatus guided by a guidewire within a patient's 
artery for reducing restenosis after arterial intervention in the 
patient's artery comprising: 

a radiation dose delivery wire with a radiation source 
encapsulated within its distal end; and 

a catheter with a blind lumen sealed at its distal end and 
a guidewire lumen extending therethrough to accept said 
guidewire; 

said blind lumen being adapted to accept said radiation dose 
delivery wire into its proximal end. 



26. The apparatus of claim 25, further comprising means for 
providing a liquid-tight seal between the radiation dose delivery 
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wire and the proximal end of the blind lumen. 
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27. An apparatus to be inserted into a catheter for reducing 
restenosis after arterial intervention . in a patient's artery 
comprising: 

a radiation dose delivery wire with a radiation source 
encapsulated within its distal end; and 

a blind lumen open at its proximal end and sealed at its 

distal end; 

said blind lumen being adapted to accept said radiation dose 
delivery wire into its proximal end and to be inserted into said 
catheter. 

28. The apparatus of claim 27, further comprising means for 
providing a liquid-tight seal between the radiation dose delivery 
wire and the proximal end of the blind lumen. 

29. A method of reducing restenosis after arterial 
intervention in a patient's artery, comprising: 

inserting a guidewire into the patient's artery until a 
distal end of the guidewire is at least as far into the artery 
as a predetermined section of the artery; 

inserting the guidewire into a guidewire lumen of a balloon 
catheter with a blind lumen; 

inserting the balloon catheter with the blind lumen into the 
patient's artery at least as far as the predetermined section of 
the artery; 

inserting a radiation dose delivery wire into said blind 
lumen in said balloon catheter; 

moving said radiation dose delivery wire a predetermined 
distance into the blind lumen of the balloon catheter for a 
predetermined period of time; and 

removing said radiation dose delivery wire from said blind 
lumen of said balloon catheter after said predetermined period 
of time. 



30. The method of claim 29, wherein said step of moving said 



WO 95/19807 



PCT/US95/00826 



-24- 

radiation dose delivery wire a predetermined distance into the 
blind lumen of the balloon catheter for a predetermined period 
of time results in the distal end of the radiation dose delivery 
wire being adjacent said predetermined section of artery. 

31. The method of claim 30, wherein said step of moving said 
radiation dose delivery wire a predetermined distance into the 
blind lumen of the balloon catheter for a predetermined period 
of time further comprises determining where the predetermined 
section of artery is, . determining a diameter of said 
predetermined section of artery, and determining a desired 
radiation dosage to be delivered to the predetermined section of 
artery. 

32. The method of claim 31, wherein said step of moving said 
radiation dose delivery wire a predetermined distance into the 
blind lumen of the balloon catheter for a predetermined period 
of time further comprises oscillating said radiation dose 
delivery wire back and forth when said distal end of radiation 
dose delivery wire is substantially adjacent said predetermined 
section of artery. 
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